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(54) Apparatus for positioning an antenna in a remote ground terminal 



(57) An apparatus for positioning a directional an- 
tenna (12) of a remote ground terminal (6) which trans- 
mits and receives signals to and from a satellite (4) via 
the antenna (12). The apparatus includes a signal gen- 
erator (52) for producing a frequency variable reference 
signal (35) having a variable duty cycle : and a controller 
(55) which operates to analyze the signals received from 
the satellite (4) and to vary the duty cycle of the refer- 
ence signal (35) in accordance with an identification tag 
forming part of the received signals. The apparatus fur- 
ther includes a detector which receives the reference 
signal (35) and produces an antenna pointing signal (77) 
having an average amplitude proportional to the duty cy- 
cle of the reference signal (35). The controller (55) com- 
mands the signal generator (52) to produce a reference 
signal (35) having a first duty cycle when a signal having 
an identification tag not corresponding to a designated 
central hub station (5) is received by the antenna (12), 
and a reference signal (35) having a second duty cycle 
when a signal having an identification tag corresponding 
to the designated central hub station (5) is received by 
the antenna (12). The reference signal (35) having the 
first duty cycle causes the average amplitude of the an- 
tenna pointing signal (77) to equal a first value, while a 
reference signal (35) having the second duty cycle caus- 
es the average amplitude of the antenna pointing signal 
(77) to equal a second value. During installation, the an- 
tenna (12) is rotated until the average amplitude of the 
antenna pointing signal (77) equals the second value. 
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Description 

BACKGROUND OF THE INVENTION 

Satellite communication systems typically have em- s 
ployed large aperture antennas and high power trans- 
mitters for establishing an uplink to the satellite. Recent- 
ly, however, very small aperture antenna ground termi- 
nals, referred to as remote ground terminals, have been 
developed for data transmission at low rates. In such 10 
systems, the remote ground terminals are utilized for 
communicating via a satellite from a remote location to 
a central hub station. The central hub station communi- 
cates with multiple remote ground terminals, and has a 
significantly larger antenna, as well as a significantly is 
larger power output capability than any of the remote 
ground terminals. 

Typically, the remote ground terminals comprise a 
small aperture directional antenna for receiving and 
transmitting signals to a satellite; an outdoor unit mount- 20 
ed proximate the antenna which comprises a transmitter 
for producing and transmitting a modulated data signal 
and an amplifier for boosting the receive level; and an 
indoor unit which demodulates incoming signals and al- 
so operates as an interface between a specific user's 25 
communication equipment and the outdoor unit. 

The installation of such remote ground terminals 
entails positioning the directional antenna in the direc- 
tion of the desired satellite so as to maximize the ampli- 
tude of the signal received from the satellite, \ferious 30 
techniques have been utilized to aim the antenna. One 
known technique is to couple a signal level meter to the 
output of the demodulator of the indoor unit. The ampli- 
tude of the received signal is then monitored as the an- 
tenna positioned is adjusted. However, this technique 35 
has several drawbacks. First, it requires the use of ad- 
ditional equipment (Le., the meter). Second, as the an- 
tenna is not located proximate the indoor unit, it requires 
the presence of two technicians to perform the installa- 
tion. 40 

U.S. Patent No. 4,881,081 discloses a device for 
adjusting the antenna orientation which eliminates the 
need for two installation technicians. However, the de- 
vice requires a substantial number of additional compo- 
nents which are dedicated exclusively for the purpose 45 
of antenna orientation. 

As the viability of the remote ground terminal con- 
cept increases as the cost for providing the remote 
ground terminal at the remote location decreases, it is 
necessary to decrease the cost of the remote ground so 
terminal as well as the costs associated with the instal- 
lation thereof as much as possible. 

Accordingly, to minimize the costs of purchasing 
and installing a remote ground terminal, there exists a 
need for a remote ground terminal which can be in- ss 
stalled by a single technician and which does not require 
additional components dedicated exclusively for the 
purpose of positioning the antenna to be included in ei- 



ther the indoor unit or the outdoor unit. Further, there 
exists a need for a remote ground terminal whose instal- 
lation procedure does not vary from unit to unit due to 
effects of temperature or operational characteristics of 
components. 

SUMMARY OF THE INVENTION 

The present invention provides a remote ground 
terminal designed to satisfy the aforementioned needs. 
Specifically, the invention comprises an apparatus for 
positioning an antenna of a remote ground terminal that 
is simple, minimizes the need for components dedicated 
exclusively for positioning the antenna, can be installed 
by a single technician and minimizes the cost associat- 
ed with positioning the antenna relative to the prior art 
designs. 

Accordingly, the present invention relates to an ap- 
paratus for positioning a directional antenna of a remote 
ground terminal which transmits and receives signals to 
and from a satellite via the antenna. The apparatus com- 
prises a signal generator for producing a frequency var- 
iable reference signal, and a microcontroller coupled to 
the signal generator which operates to analyze the sig- 
nals received from the satellite and to vary the duty cycle 
of the reference signal in accordance with an identifica- 
tion tag transmitted as part of the received signal. The 
identification tag identifies the central hub station origi- 
nating the satellite signal, and the remote ground termi- 
nal is commanded to search for a specific central hub 
station identification tag. The apparatus further compris- 
es a detector circuit which receives the reference signal 
and produces an output signal, referred to as an anten- 
na pointing signal, having an average amplitude propor- 
tional to the duty cycle of the reference signal. 

Under command of the microcontroller, the signal 
generator producesa reference signal having a first duty 
cycle when a signal having an identification tag not cor- 
responding to the designated central hub station is re- 
ceived by the antenna, and a reference signal having a 
second duty cycle when a signal having an identification 
tag corresponding to the designated central hub station 
is received by the antenna. The reference signal having 
the first duty cycle causes the average amplitude of the 
antenna pointing signal to equal a first value, while a 
reference signal having a second duty cycle causes the 
amplitude of the antenna pointing signal to equal a sec- 
ond value. During installation, the antenna is rotated un- 
til the average amplitude of the antenna pointing signal 
equals the second value. 

As described in detail below, the antenna position- 
ing apparatus of the present invention provides impor- 
tant advantages. Most importantly, the novel antenna 
positioning apparatus utilizes components contained in 
the remote ground terminal which are necessary for the 
normal operation of the remote ground terminal. As 
such, the present invention minimizes the need for ad- 
ditional circuitry to perform the antenna positioning tunc- 
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tion, and therefore lowers the cost of the remote ground 
terminal relative to the prior art designs. 

Another advantage of the present invention is that 
it eliminates the variations in the average amplitude of 
the antenna pointing signal due to temperature varia- 5 
tions, or unit-to-unit variations in component perform- 
ance. As a result, the installation technician no longer 
has to compensate for such variations. 

The invention itself, together with further objects 
and attendant advantages, will best be understood by io 
reference to the following detailed description, taken in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of a very small aperture 
terminal (■VSAT") satellite communication network 
which utilizes the present invention. 

Fig. 2 is a schematic diagram of one embodiment 
of an outdoor unit in accordance with the present inven- 
tion. 

Fig. 3 is a schematic diagram of one embodiment 
of an indoor unit in accordance with the present inven- 
tion. 

DETAILED DESCRIPTION OF THE DRAWINGS 

The VSAT satellite communication network 10 illus- 
trated in Fig. 1 , comprises a central hub station 5, a com- 
munication satellite 4, and a plurality of remote ground 
terminals 6 (only one is shown). The VSAT network 10 
functions as a two-way transmission system for trans- 
ferring data and voice communications between the 
central hub station 5 and the numerous remote ground 
terminals 6. All data is transferred between the central 
hub station 5 and the remote ground terminals 6 via 
transponders located in the satellite 4. Signals transmit- 
ted from the central hub station 5 to the remote ground 
terminal 6 are referred to as 'outroute', while signals 
transmitted in the opposite direction are referred to as 
"inroute". 

As stated, the central hub station 5 supports a plu- 
rality of remote ground terminals 6. The central hub sta- 
tion 5 comprises a targe antenna 8 so as to allow for the 
transmission of a signal sufficiently strong such that the 
signal can be received by the remote ground terminals 
6 which have relatively small antennas. The large an- 
tenna 8 of the central hub station 5 also compensates 
for the relatively weak signals transmitted by the remote 
ground terminals 6. 

As shown in Fig. 1, the communicatbn satellite 4 
functions as a microwave relay. It receives uplink signals 
from both the central hub station 5 and the remote 
ground terminals 6 at a first frequency and then retrans- 
mits the signal at a second frequency. The satellite 4 
comprises a transponder which receives, amplifies and 
retransmits each signal within a predefined bandwidth. 
The transponders of the VSAT network 1 0 shown in Fig. 



1 can operate in various frequency bands, for example, 
Ku and C band. 

The remote ground terminal 6 comprises a small ap- 
erture antenna 12 for receiving (i.e., downlink) and 
transmitting (i.e., uplink) signals, an outdoor unit 14 typ- 
ically mounted proximate the antenna 12 which com- 
prises a transmitter for producing and transmitting a 
modulated uplink signal, and an indoor unit 1 6 which op- 
erates as an interface between a specific user's com- 
munication equipment and the outdoor unit 14. 

In order for the remote ground terminal 6 to transmit 
and receive signals properly, the small aperture direc- 
tional antenna 12 should be oriented at the satellite 4 so 
as to maximize the strength of the downlink signal re- 
ceived by the antenna 12. However, prior to describing 
the antenna positioning apparatus of the present inven- 
tion, the normal operation of the indoor unit 1 6 and out- 
door unit 14 of the remote ground terminal 6 of the 
present invention is briefly described. 

During normal operation, the indoor unit 1 6 receives 
data from the user's equipment (not shown in Fig. 1 ) and 
rnodu lat es a reference signal in accordance with this da- 
ta so as to produce the modulated data signal, which is 
then coupled to the outdoor unit 14. The transmitter 
module 20 of the outdoor unit 14 functions to amplify 
and frequency multiply the modulated data signal so as 
to produce a modulated carrier signal, which is transmit- 
ted to the satellite 4. Upon receipt by the central hub 
station 5, the modulated carrier signal is demodulated 
such that the data transmitted from the remote user is 
reproduced and processed by the central hub station 5. 

Fig. 2 is a schematic diagram of the outdoor unit 14 
of the present invention. A shown in Fig. 2, the outdoor 
unit 1 4 of the present invention comprises a multiplexer 
22 for receiving the modulated data signal from the in- 
door unit 16, a phase lock loop ('PLL') 24 for multiplying 
the frequency of the modulated data signal, a transmitter 
module 20 for amplifying and frequency multiplying the 
modulated data signal to generate a modulated carrier 
signal, and a transmit receive isolation assembly 
(TRIA*) 26. The output of the TRIA 26 is coupled to the 
antenna 12 via a feedhom 27. The antenna 12 then 
transmits the modulated carrier signal to the satellite 4. 

The PLL 24 of the outdoor unit 14 comprises a 
phase detector 40 having one input for receiving the ref- 
erence signal 35, a low pass filter 42 coupled to the out- 
put of the phase detector 40, a voltage controlled oscil- 
lator fVCO") 44 coupled to the output of the low pass 
filter 42, and a frequency divide r 46 coupled to the output 
of the voltage controlled oscillator 44. The output of the 
frequency divider 46 is coupled to a second input of the 
phase detector 40 so as to complete the loop. 

As shown in Fig. 2. the outdoor unit 14 further com- 
prises a detector circuit 30 which in the present embod- 
iment includes a buffer 32 having an input coupled to 
the output of the low pass filter 42 of the PLL 24 and a 
comparator 34 coupled to the output of the buffer 32 via 
a capacitor 36. As explained below, the detector circuit 
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30 is utilized to generate the antenna pointing signal 77. 

The outdoor unit 14 also comprises a receiver chain 
for receiving the downlink signal from the satellite 4. The 
receiver chain comprises a low noise block downcon- 
verter 28 which transforms the received signal into a cor- 
responding intermediate frequency signal. This signal is 
then coupled to the indoor unit 16, where it is further 
demodulated so as recreate the transmitted data. In one 
embodiment, the low noise block downconverter 28 
comprises a low noise amplifier, and a mixer and local 
oscillator for downconverting the frequency of the re- 
ceived signal. Typically, the frequency of the local oscil- 
lator is fixed and the desired channel is selected from 
the entire downconverted band. 

Fig. 3 illustrates one embodiment of the indoor unit 
16 of the VSAT network 10 of Fig. 1. As shown in Fig. 
3, the indoor unit 16 comprises a multiplexer 50 having 
an input/output port which is coupled to the multiplexer 
22 of the outdoor unit 14 via an interfacility link 13. The 
multiplexer 50 of the indoor unit 16 operates to combine 
the reference signal 35 and a DC power signal, prior to 
transferring these signals to the outdoor unit 14. The 
multiplexer 50 also operates to receive the incoming 
downlink signals transferred to the indoor unit 1 6 by the 
outdoor unit 14. 

The indoor unit 16 further comprises a signal gen- 
eration section 52 which functions to produce the fre- 
quency variable reference signal 35. As shown in Fig. 
3, the signal generation unit 52 comprises a modulation 
synthesizer unit 56 and an inroute modulation unit 53. 
The modulation synthesizer unit 56 produces the fre- 
quency variable reference signal 35, and comprises in 
one embodiment a tunable signal generator, for exam- 
ple, the HSP45102 direct digital synthesizer produced 
by Harris Corporation, the output of which is coupled to 
a phase lock loop for frequency multiplying the output 
of the tunable signal generator. The tunable signal gen- 
erator is controlled via the microcontroller 55. 

During normal operation, the reference signal 35 
produced by the modulation synthesizer unit 56 is mod- 
ulated in accordance with I and Q modulation signals 
which are coupled to the modulation synthesizer circuit 
56 so as to produce the modulated data signal. 

The indoor unit 16 also comprises a demodulator 
section 60 which receives the incoming downlink signals 
transferred via the outdoor unit 14. As shown in Fig. 3, 
the demodulator section 60 comprises a downconverter 
62 which further reduces the frequency of the downlink 
signal. The output of the downconverter 62 is coupled 
to an l/Q demodulator 63 which functions to divide the 
downlink signals into I and Q quadrature signals. The 
quadrature signals are then coupled to an outroute de- 
modulator circuit 64 which analyzes the I and Q signals 
so as to recreate the data bits transmitted by the hub 
station 5. The output of the outroute demodulator circuit 
64 is coupled to a microcontroller 55. The microcontrol- 
ler 55 governs the flow of data within the indoor unit 16, 
as well as the flow of data to the user interface 54. The 
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user interface 54 functions to couple the indoor unit 16 
to the user's equipment. 

Each burst or stream of data transmitted to the re- 
mote ground station 6 comprises an identification tag so 
5 as to allow the microcontroller 55 to verify that the re- 
ceived data was generated by the desired (i.e., desig- 
nated) central hub station 5. For example, each central 
hub station 5 can be assigned a specific address, which 
is positioned as the leading bits of any data stream to 
io be transmitted to a given remote ground terminal 6. If 
the address of the received signal matches the address 
of the designated central hub station 5, the remote 
ground terminal accepts and processes the data. 
The operation of the antenna positioning apparatus 
is of the present invention is now described. When at- 
tempting to orient the antenna 12 in the direction of the 
transmitting satellite 4, the remote ground terminal 6 is 
commanded into an alignment mode. In this mode, the 
remote ground terminal 6 receives signals in the same 
20 manner as when the remote ground terminal 6 is in the 
normal mode of operation. However, in the alignment 
mode, the outdoor unit 1 4 is prevented from transmitting 
any signals to the satellite 4. Furthermore, in the align- 
ment mode, the satellite 4 to be focused upon must 
transmit a downlink signal having the proper identifica- 
tion tag. 

As stated, in the alignment mode all received sig- 
nals are processed by the receiver chain of the outdoor 
unit 14 and transferred to the indoor unit 16, as per- 
formed in the normal mode of operation. The demodu- 
lator section 60 of the indoor unit 16 operates to further 
downconvert the received signals so as to recreate the 
data transmitted by the satellite 4 and then transfers this 
data to the microcontroller 55, as performed in the nor- 
mal mode. The microcontroller 55 then analyzes the re- 
ceived data signal. 

If the received data signal contains an incorrect 
identification tag or no signal is received, the microcon- 
troller 55 commands the signal generation section 52 to 
produce a frequency variable reference signal 3c which 
toggles between two predefined frequencies once dur- 
ing a predefined period or cycle. In addition, the refer- 
ence signal 35 toggles between the two frequencies at 
a first specified time within the cycle such that upon de- 
modulating the reference signal 35, as explained below, 
the resultant signal (i.e., the antenna pointing control 
signal) exhibits a first duty cycle. 

Alternatively, if the received data signal is correct (i. 
e., contains the correct identification tag), the microcon- 
troller 55 commands the signal generation section 52 to 
produce a reference signal 35 which toggles between 
the same two predefined frequencies at a second spec- 
ified time within the same period such that the resultant 
signal exhibits a second duty cycle. 

As stated, the reference signal 35 is coupled to the 
input of the phase lock loop circuit 24 of the outdoor unit 
14, which functions as a detector in the alignment mode 
to signify whether or not the correct data signal was re- 
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ceived. 

More specifically, the amplitude of the signal output 
by th e phase detector 40 of the phase lock loop 24 varies 
in accordance with the frequency of the reference signal 

35. Thus, in the alignment mode, the phase detector 40 
outputs a signal which varies between two different volt- 
age levels which correspond to the first and second pre- 
defined frequencies forming the reference signal 35. As 
a result, the output of the phase detector 40 is substan- 
tially a digital pulse train, which hereafter is referred to 
as the VCO tuning voltage. 

The VCO tuning voltage is coupled to one input of 
the comparator 34 via the buffer 32 and the capacitor 

36. A reference voltage is coupled to the other input of 
the comparator 34, and is selected such that the output 
of the comparator 34 is a logic "1 " when the reference 
signal 35 is tuned to the first predefined frequency (i.e., 
the VCO tuning voltage is high), and a logic "0" when 
the reference signal 35 is tuned to the second prede- 
fined frequency (i e., the VCO tuning voltage is low). Ac- 
cordingly, the output of the comparator 34 comprises a 
digital pulse train, which is referred to as the antenna 
pointing signal 77. The output voltage levels of the two 
logic states of the antenna pointing signal 77 can be 
made to vary from 0 volts (corresponding to a logic '0") 
to the voltage level of the power supply coupled to the 
comparator 34 

As a result, by maintaining the period of the refer- 
ence signal 35 constant and varying the time at which 
the reference signal 35 is stepped between the first and 
second predefined frequencies (i.e. varying the duty cy- 
cle of the reference signal 35), the duty cycle of the an- 
tenna pointing signal 77 varies in accordance with the 
time at which the reference signal 35 toggles between 
the two frequencies In other words, the antenna point- 
ing signal 77 is a pulse width modulated signal, which 
has a pulse width equivalent to the time the first prede- 
fined frequency o* the reference signal occupies a given 
period or cycle 

Accordingly when the antenna pointing signal 77 is 
coupled to a DC voltmeter, the meter will indicate the 
average DC value of the antenna pointing signal 77. As 
such by varying the duty cycle of the antenna pointing 
signal 77 which is accomplished by varying the time of 
transition between the first and second frequencies in a 
given cycle of the rcterence signal 35, the voftage read 
by the DC voltmeter can be varied in a linear manner. 

The antenna pointing signal 77 is coupled to an ex- 
ternal poit of the outdoor unit 14 so that the antenna 
pointing signal 77 can be monitored by the installer by 
means of a measuring device, such as the DC voltmeter. 

In accordance with the present invention, if the de- 
sired signal is not being received by the antenna 12 (i. 
e., the antenna is not directed at the satellite), the mi- 
crocontroller 55 commands the signal generation sec- 
tion 52 to produce a reference signal 35 having a first 
duty cycle, for example 25%. Such a reference signal 
35 entails generating the first predefined frequency (for 



example, 1 1 1 Mhz) for a quarter of the cycle, and the sec- 
ond predefined frequency (for example, 109 Mhz)forthe 
remainder of the cycle. As explained above, the result- 
ant antenna pointing signal 77 would also exhibit a 25% 

5 duty cycle. Accordingly, when measuring the antenna 
pointing signal 77 via the DC voltmeter, the DC voltmeter 
would read 1/4 of the maximum voltage, for example the 
supply voltage. Thus, the installer by monitoring the an- 
tenna pointing signal 77 via the external port can readily 

io ascertain that the antenna 12 is not receiving thedesired 
signal. 

Once the antenna 12 is rotated to a position so as 
to receive the correct signal, the microcontroller 55 com- 
mands the signal generation section 52 to produce a ref- 

15 erence signal 35 having a second duty cycle, for exam- 
ple 75%. The second duty cycle causes the antenna 
pointing signal 77 to also exhibit a 75% duty cycle. Thus, 
when measuring the antenna pointing signal 77 via the 
DC voltmeter, the DC voltmeter would read 3/4 of the 

20 maximum voltage. Accordingly, the transition of the av- 
erage amplitude of the antenna pointing signal 77 from 
the 1/4 to 3/4 of the maximum voltage immediately indi- 
cates to the installer that the antenna 1 2 is receiving the 
desired signal from the appropriate satellite 4. 

25 Of course, the duty cycle associated with receiving 
the correct signal can also be reversed such that the 
voltage level of the antenna pointing signal 77 goes 
down upon receiving the correct signal. Furthermore, as 
the microcontroller 55 can command the signal gener- 

so ation section 52 to vary the reference signal 35 between 
the first and second frequencies so as to generate vir- 
tually any duty cycle, the amplitude of the antenna point- 
ing signal 77 can be set to substantially any value within 
the allowable range. 

35 The present invention also allows the installer to 
fine tune the alignment of the antenna 12 with respect 
to the satellite 4 so as to maximize the signal strength 
of the received signal. Specifically, once the microcon- 
troller 55 has determined that the desired signal has 

40 been received and commands the reference signal 35 
to the second duty cycle, the microcontroller 55 meas- 
ures the signal strength of the received signal. For ex- 
ample, the microcontroller 55 can utilize an energy per 
bit (Eb)/noise per hertz (NO) measurement. 

45 The Eb/NO measurement can be performed, for ex- 
ample, within the outroute demodulator 64 by measur- 
ing the average magnitude of the signal and the vari- 
ance about that average magnitude. Eb is proportional 
to the average magnitude and NO is proportional to the 

50 variance. The microcontroller 55 performs a division to 
calculate Eb/NO. The larger the resulting Eb/NO, the 
more accurately the antenna is pointing to the satellite. 

The microcontroller 55 then operates to vary the du- 
ty cycle of the reference signal 35 proportionally with the 

55 strength of the received signal. As is clear from the fore- 
going discussion, varying the duty cycle of the reference 
signal 35 causes a proportional variation in the average 
amplitude of the antenna pointing signal 77. Thus, the 
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installer simply adjusts the antenna 12 position until the 
average amplitude of the antenna pointing signal 77 
reaches an absolute maximum value. 

Furthermore, in addition to measuring the signal 
strength upon receipt of a signal having the correct iden- 
tification tag, the present invention also measures the 
strength of the received signal prior to verifying the iden- 
tification tag is correct. As a result, during the pointing 
process, the installer first adjusts the antenna on the ba- 
sis of the raw signal level whether or not the identifica- 
tion tag is correct. Once the correct identification tag has 
been identified, the installer continues the alignment 
process as set forth above. 

The antenna positioning apparatus of the present 
invention provides numerous advantages. The novel 
antenna positioning apparatus utilizes components con- 
tained in the remote ground terminal to provide an an- 
tenna pointing signal which indicates the strength of the 
received signal. Importantly, these components are nec- 
essary for the normal operation of the remote ground 
terminal. As such, the present invention minimizes the 
need for additional circuitry to perform the antenna po- 
sitioning function, and therefore lowers the cost of the 
remote ground terminal. 

Another advantage of the present invention is that 
it eliminates the variations in the average amplitude of 
the antenna pointing signal due to temperature varia- 
tions, or unit-to-unit variations in component perform- 
ance. As a result, installation technicians no longer have 
to compensate for such variations. 

More specifically, any variation in the DC compo- 
nent of the VCO tuning voltage is eliminated by the AC 
coupling capacitor utilized to couple the VCO tuning 
voltage to the comparator. Also any variation in the slope 
of the VCO tuning curve will be eliminated by the com- 
parator whose threshold is set to a value which is less 
than the expected variations in the VCO control voltage. 
Fcrther, the voltage levels of the antenna pointing signal 
are repeatable from unit to unit because the comparator 
can be set to swing from zero volts to the value of the 
power supply, which is the same in each unit. 

Of course, it shou Id be understood that a wide range 
of changes and modifications can be made to the pre- 
ferred embodiment described above. It is therefore in- 
tended that the foregoing detailed description be regard- 
ed as illustrative rather than limiting and that it be un- 
derstood that it is the following claims, including all 
equivalents, which are intended to define the scope of 
the invention. 



Claims 



1. 



A method for orienting a directional antenna (1 2) of 
a remote ground terminal (6) which transmits and 
receives a signal via said antenna (1 2), said method 
comprising: 
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6. 



producing a frequency variable reference sig- 
nal (S : naving a variable duty cycle, 
analyzing a signal received via said antenna 
(12) and varying the duty cycle of said refer- 
ence signal (35) in accordance with an identifi- 
cation tag forming part of said signal received 
via said antenna (12), said identification tag 
identifying a designated central hub station (5) 
which originates the signal to be transmuted to 
said remote ground terminal (6), 
detecting the duty cycle of said reference signal 
(35) so as to produce an output signal (77) hav- 
ing an average amplitude which varies propor- 
tionally with the duty cycle of said reference sig- 
nal (35) : and 

controlling the duty cycle of said reference sig- 
nal (35) such that when a signal having an iden- 
tification tag not corresponding to the designat- 
ed central hub station (5) is received by said 
antenna (12), said average amplitude of said 
output signal (77) equals a first value, and when 
a signal having an identification tag corre- 
sponding to the designated central hub station 
(5) is received by said antenna (1 2), said aver- 
age amplitude of said output signal (77) equals 
a second value. 

The method of claim 1 , further comprising measur- 
ing the signal strength of said received signal and 
varying the duty cycle of said reference signal (35) 
in accordance therewith. 

The method of claim 1 , further comprising measur- 
ing the average amplitude of said output signal (77) 
so as to determine if the average amplitude equals 
the first or second value. 

The method of claim 1 , wherein said remote ground 
terminal (6) comprises an indoor unit (16) and an 
outdoor unit (14) which are coupled to one another 
via a cable (1 3), said indoor unit (1 6) comprising a 
signal generator (52) for producing said reference 
signal (35) and a controller (55) for analyzing the 
signals received via said antenna (12), said outdoor 
unit (14) comprising a detector for producing said 
output signal (77) which is proportional with the fre- 
quency of said reference signal (35). 

The method of claim 4, wherein said signal gener- 
ator (52) varies the frequency of the reference sig- 
nal (35) between a first and second frequency once 
during a predefined period, said duty cycle of said 
reference signal (35) equaling the percentage of 
said predefined period that the first frequency is 
present. 

The method of claim 5, wherein the average ampli- 
tude of said output signal (77) of said detector varies 
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linearly with said duty cycle of said reference signal 
(35). 

7. The method of claim 4, wherein said detector com- 
prises a phase detector (40) which receives said s 
reference signal (35) as an inpul and which produc- 
es an output signal having an amplitude proportion- 
al to the frequency of said reference signal (35). 

8. The method of claim 7, wherein said detector further 10 
comprises a comparator (34) having a first input 
coupled to the output of said phase detector (40) 
and a second input coupled to a reference voltage, 
said reference voltage selected such that the output 
signal of said comparator (34) is a logic "1" when is 
said reference signal (35) is tuned to said first fre- 
quency and a logic "0" when said reference frequen- 
cy (35) is tuned to said second frequency. 

9. The method of claim 8, wherein said detector further 20 
comprises a capacitor (36) coupled in series be- 
tween said output of said phase detector (40) and 
said first input of said comparator (34). 

10. The method of claim 8, wherein said output signal 25 
(77) of said detector is the output signal of said com- 
parator (34), said output signal of said comparator 
(34) coupled to an external port of said apparatus. 

11. The method of claim 4, wherein said controller (55) 30 
is a microprocessor and operates to compare said 
identification tag forming part of said received signal 

to verify that the received signal originated from said 
designated central hub station (5). 

35 

12. An apparatus for performing the method of any one 
or more of claims 1-10. 
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(54) Apparatus for positioning an antenna in a remote ground terminal 



(57) An apparatus for positioning a directional an- 
tenna (12) of a remote ground terminal (6) which trans- 
mits and receives signals to and from a satellite (4) via 
the antenna (12). The apparatus includes a signal gen- 
erator (52) for producing a frequency variable reference 
signal (35) having a variable duty cycle, and a controller 
(55) wh ich operates to analyze the signals received from 
the satellite (4) and to vary the duty cycle of the refer- 
ence signal (35) in accordance with an identification tag 
forming part of the received signals. The apparatus fur- 
ther includes a detector which receives the reference >^ 
signal (35) and produces an antenna pointing signal (77) <5 
having an average amplitude proportional to the duty cy- ^ 
cle o1 the reference signal (35). The controller (55) com- 
mands the signal generator (52) to produce a reference 
signal (35) having a first duty cycle when a signal having 
an identification tag not corresponding to a designated 
central hub station (5) is received by the antenna (12), 
and a reference signal (35) having a second duty cycle 
when a signal having an identification tag corresponding 
to the designated central hub station (5) is received by 
the antenna (12). The reference signal (35) having the 
first duty cycle causes the average amplitude of the an- 
tenna pointing signal (77) to equal a first value, while a 
reference signal (35) having the second duty cycle caus- 
es the average amplitude of the antenna pointing signal 
(77) to equal a second value. During installation, the an- 
tenna (12) is rotated until the average amplitude of the 
antenna pointing signal (77) equals the second value. 
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